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Fig. 1a 



Fig. 1b 




Fig. 1a' 



Fig. 1b' 



FIGURE 1 
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FIGURE 7 
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55.0189 

A METHOD AND APPARATUS FOR COMPLETING A WELL FOR 
PRODUCING HYDROCARBONS OR THE UKE 

The invention relates to the fidd of petroleum service sod supply industries, tnd more 
particularly to co m plc riry 

While driltiag is taking place, the integrity tfswefl is control 

that needs to be adjusted so that the tydranEc pressure of the siidco 

from the formations while sa m i ft a n co usf y avouimg damage the underground formations by 

fracturing them. When the drilled depth exceeds a certain value, the pressure difference due to 

the Difference b depth is such that it is no longer possbfe to fixindata a nud cipaMe of 

perfbnnk« its &Mtkm over ^ 

b necessary to line the hole with metal casing. For this purpose, a certain number of casing 
tubes are placed end to end and lowered down the weU, and are fixed to t^ 
cementing Thereafter, drilfing can continue down to the nert critical depth. 

Each newfynhrilkd length nam ^ 

pass through the casing that is already m place at ihafiower depths 
staircase structure with a hole that b large at the top of the weO and much narrower at the 
bottom of the well Such a configuration b far from optimal: a large bole at the surface means 
that drilling time must be wasted in a non-productive zone, whereas a narrow hole in the 
useful zones does not fiver production fay good draining of the formation. 

Worse stiH it often happens that the hole pasaea through unexpected critical zones even before 
boiiqg has reached a critical depth. Such critical zones may, for example, be veins of very 
friable rock or "pockets* of gas which, even though they are usually very localized, constitute 
major sources of danger both for the well and for the work force on the surtace. Under such 
circumstances, the only solution b often to cement these zones by putting casing into place 
immediately, thereby further reducing the size of the hole, wrich can lead to a well being 
abandoned if further difficult zones arc encountered as drilling continues. 
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ftv^atobeuadmtoodthaihBvtrydiffic^ 

casing, without further significantly reducing the size of the hole and thus nmnmg the risk of 
preventing penetration of certain tooU or turns of equipment that may be needed in the 
production zona, for example. 

Over the last few yean, the industry hai developed new technique* of competing wells or of 
completing them tempom*. so as to ntow 4e of 'rt^* «d to tocreue the 
downhok diameter of the wefl. 

Proponh have thu» been made to use * composite mtttrial comprising an expandable doth 
made of glass fibers impregnated with noo-poJyroeriztd epoxy ram and hawing a n*ber 
membrane covering its outside face whi^^ 

appropriate laying toot, the membrane ii applied against the wall of the hole or * damaged 
portion of casing, and the resin is caused to polymerize by being heated. The main difficulty of 
that techmque is that h requires electrical power of the order of 1000 watts per linear meter, 
thus foniting to appficatioo to treaty 

of synthetic material cannot eowtmite a final ceplacemem for metal e 

be capable, '» particular, of wkhflanding treatments based on strong acids or othtr materials 

that are particularly corrosive. 

OS Pate* $ 348 095 proposes making casing out of a continuous tube of dndfle material 
capable of withstanding targe mounts of plastic deformation The tube is enlarged by a 
conical tool, and it can optionally be cemented. However, expansion of the tube ii 
t1 — «um hy . ^Ai^on « the total lautth of tU tube, and thb can give rise to interface 
problems at the ends. Furthermore, the pre 

US Patet* $W 012 proposes a perfoiatedfitierpitwidW 

A. mandrel having a large diameter that is greater than the inside diameter of the perforated 
liner is used to expand the waM of the liwr and the orifices become larger. Fiber-reinforced 
cement can then be cast on either ride of the Uner, «» once the ©tma* ha* set, tb* inste 
the finer a bored ags^ thereby kaving a C 

reinforcement. The need for further boring after cementing constitutes a major drawback of 
that technique. In addition, in the above-menboned case, the pressures required for expanding 
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the tube are quite high and the final length of the finer U reduced. Finally, the sk*s inust be 
pierced in compliance wkh veiy precise speculations, which leads to a Mflu&ctuTing cost 
thatuhigh. 

An object of the preset* favwaw U mistype of exp 
the abovo^nentiooed drawt«kaoftheart 

Ai«ofdk« to the kwwl^ 
uodefa^uiid toman^ 

section, fa tooghudinel edges having cocnpLementary touching profiei such that after 
expansioa the liner bdroibvtosecnoit 

To complete a well, the spiral tube is lowered to the bottom of the hole and fa walls are 

spread by means of a placement tool, e.g. a conical tool* sow to ^ 

a touching position where they form a cylinder. A dosed continuous finer is thus obtained 

which can be cemented in conventional mann^ 

Imer, and thw without th« 

that the spW-woimd casing of tto 

horizontal or inultUaterel. given its smafl diameter m its contracted state which lends fadf 
wel to being installed m narrow wdUortn wtiU of tnjectory u^ 
traditional casing segments. 

The Bner of the invention b also wtfl adapted to |>rovisionaDy completing problem zones. In 

my event the hole may optionally be enlarged in the difficult zone and a spiral liner whose 

diameter after es^wwon is dose to tte 

put into place «ktce*^ 

the xcoe that has already been con^ 

The apiral casing of to mven^ 

since the outside diameter t«f the spird 

very shgWy less the inside diaineter of the casing^ 

The spkal-wound strip preferably has chamfered tongitudmal edges that define contact 
surfcees whose general direction Bes to a plane whkh forms a non-zero angle relative to the 
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{oogkafouj «b the finer. Al» 

to provklemechank^ engaged at ipredet^^ 

[n. more parncuUriy preferred v»^ 

itrip about an am that U at a certain angle relative to the «brfv«M»yoftheittip. Under 
Mcfa chaanstances, when the finer it » the corrected sta«e.fcl»edBes which firo a double 
befix around theeyfinder. If the period of the h& htm*^*^ 11 ™'* 0 "**" 1 
figure b obtained whoee length a not altered by espannpn.. 

Tbelii>erofthemventk>ncsnbeww^ 

eoaed tubing. In order to complete sections that are of g«t ta«th. it b |Kw*le to weld 
together a plurality of iheetB. either during .naiuifacture of the liiw. which b 
using the coiled tubing technique, or ebe drectty oo rite. 

The finer of the invention can be made of met^ eg. iteel or aiv other inatorial having the 
desired degree* of elasticity and plasticity. It ,houUbecWedtb*tfabigbjyela^«»^ 
.elected, and providing it has not been cemented, then the finer of the invention can 



IS 



Oflw details and advantageous cbarecteri-ka of the iav«n« appear fa« the allowing 



description given with reference to the figure*, in 
•Figure lbaSegrammstK view tf^ 

after expansion, shown to perspective (Figures la and lb) and in end view (Figures W and 

-Fi garo 2 shows an expansion tool; 

. Figured shows an ex^ of ineehsnWal ei«agcni« 



. Figure 4 U a i)*«peetive view of a Itoer to 
with toothed sections; 
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- Figure 5 thaws a liner of the invention having loogituifina) edge* constituting a double hefix, 
seen is perspective in the contacted state (figure 5a). after expansion (Figure 5b), and in 
longmufinal section (Figure 5cX 

• Figure 6 shows an example of temporary cc*r*>tetk^ 
•Rgiire7i!tcw»atypkalse^ 

* Rgure 8 abowa a wiam of a Ener of tho 

The concept of the invention is shown ia Figure 1. A strip, e.g. a metal strip, is spW-wound 
(Figures la and la*) with overlap over an angle A. Alter expansion, the finer ia circular in 
section and Its longitudinal edges come into contact to constitute a closed peripheral surface. 

If the winding followi an Archimedes* rpini, then writing £ for the thickness of the strip and 
Dc for the pseuoVcSameter of the spiral-wound strip in the contracted state, the value De of 
the character after expansion is given by the following equation: 



where A, the overlap angle, is expressed in radians, and where the lengths De, Dc, and * are 
expressed in the same units. 

Wkh an overlap of 90* as shown in Figure la, a liner hiving an outside <£ameter De of 17.8 
OT(7")aiKlathidaiessfi^ 

(5.86"). For an overlap of 180\ the expansion ia dose to 50S. 

By way of example, the tool for expanding the liner of the invention can he constituted by a 
double cone assembly as shown diagraniinaticairy in Figure 2, having a first end 10 suitable for 
being fixed to the end of a coiled tubeor of astrir^cf roda^ of diameter 

similar to that of the spiral-wound liner in the contracted state, thereby eoabfing the spiral- 
wound liner to be pushed to the zone which is to be completed. The expansion tool also 
includes an enlarged zone 12 of outside diameter dose to the inside diameter of the finer after 
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it has been expended. The cringed »ne 12 Is prefenMy rfbdng mi«ted rt Iwt in 

psrt by fenKto cortid inesfts loeh u hydrmilic pressure 

of such means is is conventions! for plscewwt tools is used in wells. 



In the variant of the invention shows m Figure 3, the complementary Umgfridmri cdgM are 
given teeth so utofornianteehsnicd lock. As csn be seen morepsrtie«h^«F<guie«3eto 
3«;*toothc4edg*bthBcaaianedgebj^u^ 



It my sis© he obsaved that the tongfcwfind edges hsive t ewttet sm 6dng In t genenl 
direction ~$ at.oon-xefosngfciel^tolhenonnsl to the longing 
...gteofabout^andmoregei*^ 

Other vnrisnt toothed profiles are shown in F^3e.Th*iwinberoftoethcsabetoere«sed. 
or on the contrary, decreased, end it is possMe to select ptofiles that ire eesrer to being 
aquare so as to achieve eogagtraent that is doier to being of the tenon and mortise type. In ell 
of the example, shown in F«nre3, the toothed edges follow a gawd direction D it • 

sngle relative to the iionnsl to the longta^ 
prelbrtbly such ss to intaWi* indisl 

eo.nptanenu.y portions. As mown in Rgare 3 * the els* force. Fa snd ft th« re^ fi«n 
^pandmg the spir*wound finer create tsdid fii.iioo fbn« Fc nnd Fd wWch tend to move 
the edges apart TO. separetion fere* csn be nunuifeed w even efinuitated by 
ihspe of the teeth 

The force. Fa and Fb whieh ssri* in loddng the Goer are diiectry i«oportio«d to the overly 
angle A of the finer in the contacted podtion. Neverthdess, too much ovestap also tends to 
» the radial forces so that a balanee must be found bctweoa the dorired coefficient of 



The finer it expended into the ihape of s cone of drnxmions that depend ewentislly on the 
geotnetryofthespirsl^^ 

angle of the coined eimsnrion tool. To imit ftktion forces, it m»y be idvmtigeous to sdert 
u expansion tool conrftutod by i cone whose ^ «gte b doM to that of the 'naturel' 
expansion cone of the spiral-wound finer. 
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A* shown more particularly in Figure 4, the axis of the engagement teeth forms an angle B 
with the axis <rf the ipinPwound tube 1^ 

"natural' expansion cone angle of the liner and zero, however zero is alio acceptable. 

Figured shows the most particularly preferred variant of the invention m which the uner if 
obtained by rating up a strip about an axis that is at a certain angle relative to the axis of 
symmetry of the strip. In the contracted positioo (Figure SaX the edges form a double hefix 
ground the finer. After expansion (Figure SbX the two hefixes ecocide and the junction fine 

A particularly advantageous aspect of this geometry fiesm k being possible for fpmsfrn to 
be pcrfbnned without changing the X length of the finer. U, is shown in Figure Sc. the 
"diameters" of the finer are written Dc and Dc (where index c. co rrtsponds to the finer being in 
the contracted state and index c. to the finer in the expanded state), and if the periods of the 
hefical curves followed by the longitudinal edges m 

hefix ts defined as being the dbtance measured along the Vingfairfmal axis of the finer between 
two corresponding points that are one complete turn apart around the cylinder of diameter Dc 
(orDetfthecaseinaybe)Xindtf 

a finer whose total length is X,h can b# taowii that the L U «^ to: 



X does not vary. 

With this double hefix configuration fc shouM 

liner is of thickness W, then the diameter after expaiista ^ 




and that consequently, if the tape is rolled up in such a 




then the length 
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FmiUy,ai»thef «m»cqueaceofthi» 

in a plane perpendicular to the oris of the 1^4a^ibecxpvfa*M&VtocBdirf&t 
double hefix finer are cut perpencfculariy to the longitudinal axis, then after expansion these 
ends wifl define perfect circles in plane that ire themselves perpeodioxUr to the longitudinal 
nil of the Goer. This disposition is particularly ftvonbie for ensuring sealing of die 
completion at the cods of the liner. 

Figum6ix^7areNgh»ydugrimn^ 
wound Boer of Uiemve^^ 
way. 

In the example shown in Figured, the spiral-wound tube b used for completing a zone m 
temporary maraier. In a weu^ 

between the fracturing gradient and the pressure of the formation. There may ahensativety be 
problems associated, for example, with the presence of formations that are highly unstable 
(Clayey rock, sands, salts, etc.) in depletion zones, or other problems that are well kaown to 
the pem» skffled ui the ail The finance 
propofticctotheulengft 

on an extra occasion, thereby reducing the diameter of the hole. 

The well has been drilled and casing has been installed in its upper portion 1 . Drilling has then 
continued beneath the casmg she* 2 to pierce a bede 3 th* ^ 
bivot cased, prior to reaching a zow 
(Figure 6a). The dedsk»utal^ 

invention. A spiral-wound finer 5 is pushed towards the bottom of the well by means of a 
doiAlecoiaV^ expert** t^ 
mwon(Figun5 6b)Boutospie^ 

diameter (Figure 6c). Once the finer is in place (Figure 6d) the expansion tool is returned to 

the surtoawl the finer is cemer^ 

shown here, the finer is povided whh opening ^ 

the finer towards the annutus 9 

shoe could be used. 
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After expansion, the bride diameter of the liner b practically identical to the dimeter of the 
hole in rooes where there are no driifing problems (where necessary, the hole can be enlarged 
m the zone thst requires treatment by means of a reamer). Drilling can then be started again 
without any need to drill through a cemented zone, and the entire well can be completed in 
iccordance with the original drilling plan, and without any reduction m the cfiameter of the 
well. 

lib dear that addMosufl 

of the inventkHL Also , the finer b preferably fitted with codpieces made of a material that b 

easily de*bnried end that bea^ 

wound liner is properly expai^ over iu entire kngth. 

Atypkaiseo^ienceofusingaspu^ 

reservoir U shown m Figure 7. Such an operation may be envisaged, for example, with 
formations that are unstable or sandy. 

The spiral-wound finer of the invention b bought in the contracted state to a non-cased 
section of the reservoir (Figure 7a) and k b then expanded by means of an expansion tool 
(Figures 7b and 7c). Like any other proAxxioo finer, the Iner of the invent! on is, in tab case, 
pierced to aMow production fluids to pass therethrough, and as shown b figure I, it b 
preferably covered ma 

to spiral wauhng. The grid b preferably on the outside free of the finer, facing towards the 
waH 

It should be observed that die surface area of the roUed-up atrip remains unaltered during 
expansion* well are k*w 

place and expanded For the same reason, the size and distribution of the openings provided 
for allowing the proAiction fluids to pass can be selected in a manner that b entirely 
independent of the diameters in the cocitracted state and m the expanded state, Thb makes it 
possible, in particular, to obtain a liner that b very strong in assodauoo with greater stability 
and longer fife of the wdl. 
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Forthorizoottlwdl,iipu«l^o«id^oflhe 

on be placed very dole to the tarnation, even in the upper portion of the liner, and that ii 
often not the cue with e convention.! finer that U incap^ of being contacted. 

So ta« « it h» «« been cement^ . ipir^^ 
retant to . ^ *nib» to tliet <if itt h*U cwnree^ 

natfarngtoctotjepropertkaovg men along period of time. 
ThegeonKtiyoftherpual-wcuodliaff ^ 

production at low cort. For example, it to possible to use metal strips (where necessary strips 

tto.re welded togetiKr)t)»at are piacedm^ 

roUer, or by a hydraulic |*e»hav^ 

continue^ to u to give tl^ a too^ 

^pneofthekughudimlrf^ 

^iral-wound directly and then coital, either confiimouily or eberfter being cut up into equal 
lengths. 

In general, k is preftnble » pay out » finer of the invention fin. t ted tinee ttat i» eb«per 

once the Notion to be completed is long, and more ^ tineo connection, ot omitted. 

Nevorthe»e«.htae<pj^P©^*to»^ 

zone by repeatedly placing nd expanding length, of liner. 
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CLAIMS 

1/ A liner for completing t hole in an underground formation* the finer bang constituted by a 
spiral-wound strip, its longitudinal edges having complementary touching profiles such that 
after expansion the Imer b circular in section. 

2/ A liner according to daim 1, characterised in that the longitudinal edges define a contact 

surface of general firoetiooT) lying in a plane that tonus a not-zero angle relative to the 
bngitodintl axis of the finer. 

3/ A finer according to claim 2, characterised in thrt said ai^ formed by the general Aectkm 
"K of the contact surface lies in the range 30* to 60°. 

4/ A finer according to any preceding claim, characterized tn that the touching bngftudinal 
edges have a sawtooth profile. 

5/ A finer according to any preceding daim, characterized in that the finer b obtained by 
rolling up a strip about an axis that is at a certain angle relative to the axis of symmetry of the 
strip. 

6/ A liner according to any preceding rising characterized in that it is provided with openings. 
7/ A liner according to claim 6, characterized in that it is covered in a grid. 
8/ A liner accorxfing to claim 7, characterized in that the grid b welded on 
9/ A method of eonmletmg t hob m 

b lowered down the bole, and the strip b opened iueI a droilar section to 

of a conical pUcemcnt tool for putting the longitudinal edges into s touching position. 

10/ A method according to daim 4, characterized in that it also includes a cementing 
operation. 

11/ The use of the method according to claims 9 or 10, for temporary completion of zones 
that are depleted or unconsoEdated. 
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12/ The uw of the method accorting to d*im 9 Of 10, for repairing *c»ang. 
13/ The use of the method of cltim» for completing tprod^ 

14/ A system for completing a hole in an underground fonnatioc, duracteraed in that it 
Includes a finer accoixfing to any one of claims 1 to I and an expansion tool suitable for 
splaying apart thf lcngfoyf"" 1 m** 1 they take up a position where they touch each other 
edge-to*edge. 

IV Atoolfbrwhhdraw»ga!h»accord^ 1 to t. the tool comprising 

means for moving the longitudinal edges apart by a dUmeter greater than the diameter 
compriahg to a circular section and enabling the finer to shrink so as to return to a spifat- 
vrtDuxdccmfigumkmofad 
the well. 
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